Background/Aims: Periostin is an extracellular matrix protein and is known to be related to the metastatic potential and prognosis of cancer. However, few studies have investigated the expression level of periostin and its association with prognoses in hepatocellular carcinoma. Therefore, we analyzed periostin overexpression in hepatocellular carcinoma and its implication for prognoses. Methods: We evaluated 149 patients who underwent surgical resection between 2006 and 2010. Tissue microarrays were constructed from hepatocellular carcinoma tissue and adjacent nontumor tissue, and immunohistochemistry was performed. Results: A high periostin level was observed more frequently in cases of multiple tumors (odds ratio [OR], 2.826; 95% confidence interval [CI], 1.224 to 6.527; p=0.013), positive microvascular invasion (OR, 2.974; 95% CI, 1.431 to 6.181; p=0.003), and advanced stage disease (OR, 3.032; 95% CI, 1.424 to 6.452; p=0.003). Patients with high periostin expression had significantly (p=0.002) lower overall survival rates than those with low periostin expression (90.3%, 66.1%, and 56.2% vs 97.7%, 85.1%, and 77.5% at 1, 3, and 5 years). Conclusions: We found that a combination of periostin overexpression and microvascular invasion in hepatocellular carcinoma was correlated with a poor prognosis and can be a good prognostic marker for hepatocellular carcinoma. (Gut Liver 2016;10:948-954) 
INTRODUCTION
Periostin, also known as osteoblast-specific factor 2, is an extracellular matrix protein that has been shown to be an important regulator of bone and tooth formation and maintenance. 1 Periostin first identified in bone is a molecule secreted from the mouse osteoblastic cell line MC3T3-E1. 2 The molecular structure of periostin is particularly highly homologous to βig-h3, which is known to promote cell adhesion and the spread of fibroblasts. 3 Cancer progression is recognized not only by aberrant events occurring only in cancer cells but also by substances surrounding cancer cells secreted by various cells in the tumor microenvironment and signaling pathways induced by cancer and other cells. 4 In recent human cancer studies, periostin has also been reported to be related to metastatic potential and poor prognosis in many kinds of cancer. Previous reports indicate that overexpression of periostin in tumor tissues can promote angiogenesis and invasion in various human cancers, including colon, head and neck, oral, nasopharyngeal, thyroid, breast, and pancreatic cancers. [5] [6] [7] [8] [9] [10] [11] However, reports that support the association of periostin expression with the prognosis of hepatocellular carcinoma (HCC) and its clinical significance in HCC are lacking. 12, 13 We therefore aimed to analyze periostin expression in HCC and determine its implication in the prognosis of HCC.
MATERIALS AND METHODS
Patients and tissue specimens
We evaluated 149 HCC patients who underwent surgical resection as first-line treatment in Kyungpook National University This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 14 We excluded patients who had received prior treatments such as local ablation therapy and transarterial chemoembolization. We also excluded HCC patients who had portal vein thrombosis and radiologic vascular invasion, which are not indicated for surgical resection. For more than one nodules distributed in one lobe, we could perform surgical resection. Clinical data were obtained by reviewing the patients' medical records, including age, sex, tumor size, tumor number, laboratory results, and etiology of underlying liver disease. All of the patients were followed-up by using multiphasic dynamic computed tomography and serum α-fetoprotein (AFP) measurement every 3 months. This study was approved by the Institutional Review Board of Kyungpook National University Hospital (KNUH-2014-04-056-001).
Immunohistochemical staining
All tissue specimens were formalin-fixed and paraffinembedded. We built sets of tissue microarrays from surgical specimens of HCC and nontumorous tissue for immunohistochemistry. Anti-Periostin antibody (Abcam, Cambridge, UK) was used for immunohistochemistry. Periostin expression was assessed according to staining intensity, and was scored as 1 to 3 as follows: (1) weakly positive; (2) moderately positive; and (3) strongly positive. For statistical analyses, the immunohistochemical staining scores were categorized as low (1 and 2) or high (3) . Two specialized pathologists blinded to the patients' clinical data independently reviewed histopathological and immunochemistry results three times, for tumor histology, capsule invasion, microvascular invasion, and periostin expression. Microvascular invasion was defined as microscopic tumor invasion or tumor emboli within the central, portal, or hepatic vein or large capsular vessels.
Statistical analysis
Statistical analysis was performed using SPSS version 20. acteristics. Recurrence-free survival and overall survival were calculated from date of surgical resection to local or distant relapse, death, or last follow-up and plotted as Kaplan-Meier curves. The log-rank test was used for evaluating differences in overall and recurrence-free survivals. We included as variables periostin expression, microvascular invasion, combination of periostin expression and microvascular invasion, age, sex, modified Union for International Cancer Control (UICC) stage, tumor size, tumor number, presence of capsule, and AFP in the univariate analysis. In the multivariate analysis, we included the variables in the univariate analysis, but excluded the components of combination of periostin expression and microvascular invasion and modified UICC stage. The components were periostin, microvascular invasion, tumor number, and tumor size. The multivariate analyses were performed according to the Cox regression model.
RESULTS

Expression pattern of periostin in clinical tissue specimens
We analyzed periostin expression by immunohistochemistry in 149 surgically resected HCC tissues using tissue microarrays ( Fig. 1) . Periostin was predominantly expressed in HCC cells compared with corresponding normal hepatocytes, which was mainly observed in cytoplasmic area of HCC cells.
Periostin expression in HCC tissues and its correlations with clinicopathological characteristics
Baseline characteristics of the patients are summarized in Table 1 . There were 111 male patients (74.5%) and 38 female patients (25.5%), with a median age of 56 years (range, 14 to 78 years). The median tumor size was 3.5cm (range, 1.2 to 14.5 cm). The causes of underlying liver disease were hepatitis B virus infection (n=115, 77.2%), alcohol consumption (n=14, 12.1%), hepatitis C virus infection (n=13, 8.7%), and cryptogenic (n=7, 2.0%). The mean follow-up period was 48.5 months (range, 6 to 60 months).
Sixty-two patients (41.6%) showed high periostin expression levels in HCC tissues, whereas 87 patients (58.4%) showed low periostin expression levels in HCC tissues. To determine the association between the periostin expression level and clinical characteristics, differences in baseline clinicopathological characteristics according to the periostin expression level are described in Table 1 
High periostin expression associates with poor survival of HCC patients
The cumulative 1-, 3-, and 5-year overall survival rates were 97.7%, 85.1%, and 77.5%, respectively, and the corresponding recurrence-free survival rates were 92.0%, 65.1%, and 50.9%, (Fig. 2) .
Combination of periostin expression and microvascular invasion is an independent prognostic factor for survival in HCC patients
The periostin expression level and microvascular invasion were significantly and negatively correlated with overall survival and recurrence-free survival, respectively. Therefore, we developed another variable, periostin expression level×microvascular invasion, with a low periostin expression level and negative microvascular invasion scored as 0, a high periostin expression level and negative microvascular invasion scored as 1; a low periostin expression level and positive microvascular invasion scored as 2; and a high periostin expression level and positive microvascular invasion scored as 3. Tables 2 and 3 display the results of the univariate and multivariate analyses for identifying prognostic factors that affect the overall survival and recurrence-free survival of the 149 HCC patients. In a univariate analysis, the high periostin expression level (p=0.021), positive microvascular invasion (p=0.001), high periostin expression level×positive microvascular invasion (1 vs 0, p=0.001; 2 vs 0, p<0.001; 3 vs 0, p<0.001), male sex (p=0.014), large tumor size (>5 cm, p=0.018), and an advanced modified UICC stage (III vs I, p=0.011) were significant prognostic factors for the overall survival of the HCC patients (Table 2 ). A high periostin expression level (p=0.026), positive microvascular invasion (p=0.005), high periostin expression level×positive microvascular invasion (3 vs 0, p=0.001), male sex (p=0.043), multiple tumor number (p=0.013), and an advanced modified UICC stage (III vs I, p=0.011) were significant prognostic factors of the recurrence-free survival of the HCC patients (Table 3) .
In a multivariate analysis, only high periostin expression level×positive microvascular invasion (1 vs 0, p=0.002; 2 vs 0, p=0.001; 3 vs 0, p=0.006) was relevant to overall survival (Table  2 ). In addition, only high periostin expression level×positive microvascular invasion (3 vs 0, p=0.025) was relevant to recurrence-free survival ( Table 3) . The 1-, 3-, and 5-year cumulative overall survival rates were 96.7%, 90.0%, and 79.7% for the low periostin expression level×negative microvascular invasion patients, 89.5%, 57.9%, and 42.1% for the high periostin expression×positive microvascular invasion patients. The 1-, 3-, and 5-year cumulative recurrence-free survival rates were 90.0%, 30.0%, and 0.0% for the low periostin expression level×negative microvascular invasion patients, 47.4%, 10.5%, and 0.0% for the high periostin expression×positive microvascular invasion patients. High periostin expression level×positive microvascular invasion patient group showed significantly lower overall survival rates (p<0.001) and recurrence-free survival rates (p=0.010) than low periostin expression×positive microvascular invasion patient group showed (Fig. 3) .
DISCUSSION
A high periostin expression level is known to be associated with a poor prognosis of many cancers. 15 signaling pathways which promote tumor angiogenesis, invasion and metastasis. 4, 16 According to the laboratory finding from one study, 10 periostin promotes tumor angiogenesis and metastasis through upregulation of vascular endothelial growth factor (VEGF) receptor 2 expression. In addition, HCC in the periostinpositive group showed higher VEGF expression levels and higher microvascular density than HCC in the periostin-negative group, 12 which is supported by the fact that VEGF stimulates endothelial cell proliferation and induces the formation of new blood vessels in HCC. 17 We think that the correlation of the periostin expression level with microvascular invasion is probably the consequence of epithelial-mesenchymal transition. Periostin is a mesenchymal marker of cancer cells with other marker proteins such as vimentin, fibronectin, and N-cadherin. Similarly, a previous study showed that liver-intestine cadherin expression predicts microvascular invasion and a poor prognosis in hepatitis B viruspositive HCC. 18 Periostin probably exerts its pro-tumorigenic effect through its binding to the integrins and the consequent activation of intracellular pathways, which determine enhanced invasiveness. 19 This should be further studied with HCC cell lines.
In this study, we found that the periostin expression level was correlated with overall survival and recurrence-free survival in HCC. An especially high periostin expression level was correlated with microvascular invasion. Microvascular invasion has been regarded in many studies as an independent predictor of recurrence and poorer survival after hepatic resection for HCC. [20] [21] [22] [23] In our study, we found that even if microvascular invasion did not exist, the periostin expression level could predict prognosis. In addition, a combination of the two factors could predict overall and recurrence-free survival better than the two factors considered alone. We reviewed a total of 149 HCC cases, a relatively large number of cases compared with that in previously published studies. However, this study has several limitations. First, this was a retrospective study, so clinical data were based on medical records. Patients with missing medical records were excluded from the analysis. Second, this was a single-center study, and hence, the results might not be generalizable to a broader population. In addition, the etiology of liver disease being predominantly hepatitis B virus infection limits the generalization of the results. Third, tissue periostin can be used as a biomarker for prognosis prediction, but tissue samples were obtained through percutaneous liver biopsy or liver resection, which is invasive and increases the risk to patients. Other noninvasive diagnostic approaches for the determination of periostin expression are needed to verify its validity as a prognostic marker. Fourth, our study was performed to investigate the relationship between periostin expression and patient prognosis, and not to reveal the mechanism of angiogenesis by periostin. Further studies on this issue are needed.
In conclusion, a high periostin expression level in HCC tissues suggested a poor prognosis and was correlated with microvascular invasion, multiple tumors, and an advanced modified UICC stage. Especially, the combination of periostin expression level and microvascular invasion is a better predictor of prognosis of HCC patients.
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was 
